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SUMMARY

MCPA (4-Chloro-2-methylphenoxyacetic acid) is a major herbicide usedvon
California rice and other grain crops. 1In 1979, over 566,000 pounds of MCPA
salts and esters were applied in the state, an increase of 60% since 1971.

Use data show that Colusa County consistently received the largest application,
followed by Sutter and Butte Counties, and that the majority of applications
were assoclated with the river systems,

MCPA usually is applied by air as an aqueous solution of the dimethylamine
(DMA) salt which is surprisingly pure (>98%). Although rather stable in a dark
container, MCPA/DMA spray evaporates quickly to a sticky seﬁisolid which decom-
poses within a few days in sunlight to give chlorocresol (4-chloro-2-methylphenol)
and other identified ﬁroducts.

Analysis of the ambient atmosphere during and after spraying (of rice fields)
showed MCPA decreasing and the proportion of chlorocresol increasing with both
time and distance., However, both were detected at_ng/m3 levels in the air of
adjacent orchards, upwind at the time of spraying, as well as in areas severa]
km distant from known application. Foliage residues of MCPA were detected in
the orchards, with a maximum value of 0.45 ppm (on trees adjacent to the spray
application); no MCPA was detected in similar samples collected 3 months after
the application. Significant amounts of MCPA.failed to réach target fields.

No obvious symptoms of phytotoxicity were observed on the almond, pistachio,
or walnut trees.where MCPA residues were detected, and review of pertinent
literature indicates that intoxication of humans or animals by MCPA at the
observed levels is unlikely. The long-term fate and effects of MCPA and

chlorocresol remain unconfirmed.



I. INTRODUCTION

B

Project Background

4-Chloro-2-methylphenoxyacetic acid (MCPA) long has been a major herbiéide
in California and throughout the world (Table 1). The 1971 Pesticide Use Re-
port of the California Department of Food and Agriculture indicates_that 353,169
pounds of MCPA salts and esters were applied during that year; by contrast, the
1979 Report shows application of 566,603 pounds, of which 535,169 pounds'(Qé.SZ)
was in the form of the dimethylamine (DMA) salt.

Most -of the MCPA (79%, or 448,089 pounds in 1979) wés applied fﬁr broadleaf
weed control in rice, although another 90,651 pounds (16%) was.used on barley,
oats, and wheat. In fact, the herbicide is used because of its selectivity in
affecting broadleaf weeds at application rates which cause little or no injury
to the small-grain specles. However, valuable broadleaf ornamental and crop
" plants also may be damaged if aécidentally exposed to MCPA spray, and concern
was expressed by growers that herﬁicide applications to rice might damage adja-
cent almond and pistachio orchards. |

MCPA came into widespread use in the late 1940's. Despite its extensive
use, coﬁparatively little pertinent information exists on its environmental
movement, breakdown, and metabolism. Previous work in this Department (Soder-
quist and Crosby, 1975) examined the distribution and fate of MCPA in rice fiecld
‘water, mud and plants following aerial spraying of the dimethylémine salt.

Most (77%) of that reaching the field resided initially in the’wAter; As this
chemical 1s a relatively strong acid (pka3.2), no significant volatilization
occurred at the alkaline pH of the field, and dissipation was due to microbial
and photochemical ucﬁion. Mud initially contained 9% and plants 7% of the applied

MCPA, but the amount declined sharply over a period of a few days due to

metabolism.



However, only 45% of the expected application (980 g/ha as MC?A) could be
accounted for on Day O, and it must be assumed that at least a part of the
missing material entered the atmosphere as spray drift. Earlier Russian reports
(Tupeeva, 1967); Uporova and Shtiler, 1973) described only rather crude methods
for sampling and colorimetric analysis of MCPA in air, and no further Investi-
gation of MCPA drift appears to have been reported in the literature. Although
many analytical methods have been provided for residue analysis of MCPA in
herbaceous.plants (see Sattar and Paasivirta, 1979), and the MCPA plant metabo-
lites have been identified (Loos, 1975), the only woody species for which data
exist are alder and birch in Scandinavia (Lund-Hoie, 1973; Eronen et al., 1979).
The recent use of high-pressure 1liquid chromatography (HPLC) for the analysis
of MCPA-amine recently was described (Stevens and Grorud, 1979; Grorud and Stevens,
1980), but the environmental fate of MCPA was not investigated.

In 1978, the California Rice Research Board and the California Department
of Food and Agriculture separately approached the University of California to
conduct research which would ascertain the stability of the MCPA-amine formulations
and establish what chemical residues to look fof, develop the necessary methods
to sample, detect, and measure them, field-test the methods for use in environ-
mental monitoring, and provide information about the environmental consequences
of MCPA spraying. This report describes the results of that jointly-funded
project.,

Objectives and Work Plan

The stated objectives were as follows:
(1) To identify the chemical residues resulting from agricultural spray applica-

tions of MCPA;



(2) To develop analyﬁical methods to sample, détect, and measure the principal
MCPA residues in air and leaf samples;
(3) To test-monitor MCPA residues in‘the Butte County area in relation to their
possible contamination of non-target crops;
(4) To provide information on the environmental fate of MCPA.
The work was divided into four components. The Information Component (Dr.
Li), in collaboration with CDFA, initially provided economic and'pesticide use
data for Butte, Colusa, Glenn, Sutter, and Yuba counties and later for Placef;
Sacramento, and Yolo; they also provided computer mapping of applications and
other bibliographic and technical data, The Chemistry compqnent‘(Dr. Crosby)
determined the chemical composition of the MCPA spréy and sprgyvconcentrates,
the composition'of "weathered" spray residue, and the chemical species to be

sampled and analyzed.

The Air Analysis Component (Dr. Seiber), in collaboration with CDFA and UCD
Agricultural Engineering, developed methods for collection of air samples and
their analysis for the chemical species defined by the Chemistry Component; they
also provided the necessary meteorological information. The Plant Analysis
Component (Mr.'W1nterlin) developed and applied analytical methods for the identi-
fied residues in leaf and other samples.

The coordinated méthods and information were tested by monitoring air and
leaf residues during and following'commercial applications of MCPA'to rice in
the Butte County area. The inveétigation was expected to pfovide (1) tested
methods for monitoriné MCPA residues in air and plant materials, (2) initial
monitoring results for 1979-80 MCPA applicationé in the selected test area, (3)

information on the persistence and environmental fate of MCPA under California



use conditions, and (4) the basis for subsequent estimation of possible toxic
hazards of present MCPA applications for non-target crops and humans. Prelim-
inary finding were communicated by conferences and quarterly written reports;
this represents the final, comprehensive report. |
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II. APPLICATIONS OF MCPA AMINE SALTS AND OTHER DERIVATIVES

Ihe only amine salt of MCPA used in Northern California, according to the
CIC'FA Pesticide Use Report, is the dimethylamine salt; other derivatives
include thé sodium sélt, iso-octyl ester, and butoxyethyl ester ("ethylene
glycol butyl ether ester"), The 1974-79 use data for Butte, Colusa, Glenn,
Placer, Sécramento, Sutter, Yolo, and Yuba counties were graphed by month of
application (Appendix I), the annual totals bargraphed (Appendix I), and the
monthly and annual totals tabulated in detail (Appendix II).

Colusa County consistently has been the largest user, followed by Butte
(and in 1979 Sutter) County (Table 2), although all eight counties registered
some use. In recent years, most of the MCPA has been applied as an aqueous spray
of dimethylamine salt (Table 2). That the major use comes in June and July is
consistent with its principal application as a rice herbicide, although applica-
tion to small grains during Winter months is reflected in the lower figures for
February and March in most of the counties.

There was a subtantial increase in the use of other derivatives in 1979.
While there was increased but still small use of butoxyethyl ester on barley,
major increases occurred in the use of iso-octyl ester on barley (190% com-
pared to 1978) and wheat (1100% compared to 1978) and with the sodium salt on
rice (400% compared to 1978). Increases also were observed for DMA salt on
pasture/rangeland, peas, and rice, while the use on wheat declined over 50%
according to the CDFA Pesticide Use Reports,

The location of total 1979 MCPA applications was mapped for each county
(Appendix II1). It 1is not surprising that applications in Butte, Colusa, Glenn,
Placer and Yuba counties were largely restricted to a shall sectlon located in

the immediate vicinity of waterways. Sacramento county use was more scattered,



‘while Sutter and Yolo uses ranged throughouf the county. This high concentra-
tion of MCPA use--primarily on flooded rice along the major river systems--1is
illustrated in Fig., 1. |

The other phenoxy herbicide most used in the eight-county area was 2,%-D
(2,4~dichlorophenoxyacetic acid). Although 2,4-D and MCPA can be distinguished
by gas chromatography, the chemical properties and phytotoxic symptoms aré
closely similar. Again, amine salts (especially the DMA salt) represented the
principal form, although 2,4-D esters were more important thanbthose of MCPA.
Major uses of 2,4-D/DMA were on barley, wheat,.and pasture, while esters were
used on barley, wheat, énd timber land. Almost no 2,4-D was used on rice,
Despite this, large amounts of 2,4-D derivatives were applied over the years
in the eight counties (Table 3), although fecent volume has declined somewhat.
The principal use on small grains is reflected in the majof'applications in
February, Marcﬂ, and April (Appendix IV), with Fall application in Butte and
Placer counties largely on conifers. On the other hand, significant use
occﬁrred dufing Summer months in all counties but Glenn. The monthly distribu-
tion of uses are detailed in Appendix V., |

Conside:ing the above statistics, it is most likely that MCPA residues in
the environment would be most concentrated in rather narrow bandg,gssociated
with Sacramento Valley river sysﬁems and during the period of June through
August., This period, also represents that of highest avefage temperature and
most intense sunlight in the area and might be expected to érovide maximum dis-

sipation and degradation of applied pesticides,



Table 2 9

TOTAL POQUNDS OF MCPA (AMINES) APPLIED IN
EIGHT COUNTIES OF CALIFORNIA

1974 - 1979
COUNTY 1974 1975 1976 1977 1978 1979
Butte 46,517 61,444 66,947 56,124 78,873 85,197
Colusa 46,498 80,401 115,660 148,941 111,627 144,863
Glenn 47,480 62,381 36,171 107,242 66,376 57,431
Placer 2,613 7,278 5,632 4,992 11,221 10,002
Sacramento 4,113 20,301 6,903 7,854 23,121 21,569
Sutter 27,840 62,970 45,970 27,220 65,159 88,730
Yolo 7,765 24,148 16,880 13,114 16,993 32,043
Yuba 6,772 11,259 9,035 9,745 14,147 17,773
TOTAL POUNDS OF MCPA (OTHERS) APPLIED IN
EIGHT COUNTIES OF CALIFORNIA
1974 - 1979
COUNTY 1974 1975 1976 1977 1978 1979
Butte 11,451 2,132 813 48 67 226
Colusa 36,790 3,227 1,729 726 468 1,263
Glenn 8.809 3,130 2,477 647 604 4,176
Placer 1,175 1,452 356 23 37 44
Sacramento 3,47 959 241 276 270 1,388
Sutter 17,891 5,426 3,176 2,050 2,394 7,561
Yolo 9,919 4,191 9,137 1,083 2,734 6,660
Yuba 1,869 0 0 0 0 0

Source: California Department of Food & Agriculture, Pesticide Use Report
tapes.



Table 3

10
TOTAL POUNDS OF 2,4-D (ALL FORMS) APPLIED IN
EIGHT COUNTIES OF CALIFORNIA
19¢4 - 1979

COUNTY 1974 1975 1976 1977 1978 1979
Butte 21,620 32,228 28,936 44,718 20,354 14,078
Colusa 74,327 84,711 48,966 56,164 56,011 74,948
Glenn 89,591 59,529 25,201 36,774 38,929 31,566
Placer 8,128 6,540 8,336 6,214 4,677 3,944
Sacramento ' 32,311 50,772 47,378 48,919 28,296 35,656
Sutter 35,069 42,296 48,123 30,941 18,595 25,430
Yolo 70,168 95,266 49,656 52,018 52,173 52,268
Yuba 5,679 8,605 6,002 5,854 5,151 4,839
Source: California Department of Food & Agriculture, Pesticide Use Report

tapes.
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12
I1I. THE COMPOSITION AND CHEMICAL REACTIONS OF MCPA SPRAY

Since 1951, MCPA (4-chloro-2-methylphenoxyacetic acid) has been applied
for weed control in California rice fields. 1In 1979, 807% of the state's
half-million acres of rice were sprayed with the herbicide, primarily as
the dimethylamine (DMA) salt. Earlier work (Soderquist and Crosby, 1975)

. demonstrated that a significant proportion of the aerially-applied spray did
not reach its.intended target, and concern over the environmental fate of
possible spray drift prompted the present project.

The objectives of our work were (1) to determine the original composition
and physical characteristics of MCPA/DMA concentrate and spray and (2) to
{investigate changes in the spray composition due to evapofation, photodegrada-
tion, and other environmental factors.

MATERIALS AND METHODS

''"MCP ‘Amine" concentrate (Dow Chemical Co.) was that used to mix spray in
the field. The label states that it contains 4 lbs/gal. MCPA acid equivalent
as the dimethylamine salt (52.1%, or 589 g/L, of the salt). Spray was pre-
pared by dilution of this aqueous concentrate with about 40 volumes of water
(final concentration 14.7 g/L, 0.06 M).

Reagents and solvents were the purest grade available commercially.

Pure MCPA was prepared by acidification of the DMA formulation and repeated
recrystallization of the precipitated acid from benzene, mp 119-120°. Other
phenoxyacetic acid standards were purchased or were prepared from the
corresponding pure phenols by feaction with ethyl bromoacetate and subsequent
hydrolysis (Synerholm and Zimmerman, 1945). Ethereal diazomethane was

prepared by the standard procedure (de Boer and Backer, 1963).
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Dimethylamine (DMA) salts were prepared by bubbling excess gaseous

dimethylamine into a benzene solution of the acid at room temperature and
subsequent evaporation of solvent. The MCPA salt (I) was difficult to
crystallize, mp 60-61°, and CHN analysis indicated it was {mpure. Preparati.r
from acid and amine 1in ether provided purer material, mp 94-95°. The salts
were soluble in chloroform, dichloromethane, acetonitrile, or alcohols but
insoluble inbether, benzene, or acetone.

4-Methoxy-2-methylphenoxyacetic acid (V, R=H) was prepared by diazotization

of 4—methoky—Z—méthylaniline (Aldrich Chemical Co.) and hydrolysis of the
resulting diazonium salt with hot dilute acid (Adams et al., 1972) to
4—methoxy—2-methy1bhenol. The phenol was converted without further purifica-
tion into the desired product by reaction with ethyl bromoacetate and subsequent
hydrolysis (Synerholm and Zimmermah, 1945). Recrystallization from bénzcne
gave white crystals, mp 118.9-119.4°,

Mass spectrum: m/e 196 (M+), methyl ester m/e 210 (M+).' NMR spectrum:
§2.28 (PhCH3), 3.76 (OCH3), 6.7-6.,8 (Ph-H) ppm.

4-Chloro-2-methylphenoxy-N,N-dimethylacetamide (VIII) was prepared by

boiling MCPA with excess thionyl chloride, évapqration, and reaction of the
resulting acid chloride with excess dimethylamine in benzene. Thé product
was recrystallized from iso-octane, mp 43.5—44.55. |

Mas.s spécﬁr‘um: m/e 227 (M+), 192 (M~-C1), 155 (M—CONMez), 72 (c‘ONMe2
base). Ir spectrum: 6.20u (amide C=0). |

4-Chloro-2-methylphenyl formate (II) was prepared by treating the

phenol with a mixture of acetic anhydride and formic acid (1:1 v/v) contain-

ing a trace of sodium formate as a catalyst (Van Es and Stevens, 1965). The
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material was recrystallized from carbon tetlachloride but apparently was
contaminated with the parent phenol.

Mass spectrum: m/e 170 (M+), 142 (M-CO) 107 (M-COCl, base). The
formate was nét stable and decomposed to its phenol after several days.

Formulation Analysis. Formulation samples were made strongly acidic,

extracted with chloroform or dichloroﬁethane, and the extractives'remaining
after evaporation of the ether were methylated with ethereal diazomethane,
Neutral constituénts were isolated by continuous extraction of the highly
basic formulation with benzene. The products were analyzed by gas chroma-
tography (GLC) on a Varian Model 1740 instrument fitted with a flame ionization
detector and either a 150 x 0.21 cm column of 5% OV-17 on Chromosorb G or

a 300 x 0.21 cm column of 10% DC-200 on Gas Chrom Q. Nitrogen carrier gas
was used at 30 mL/min with the shorter column and 20 mL/min with the longer
one. GLC with mass spéctrometric detection (GCMS) was conducted with a
Finnigan Model 3000 Peak Identifier'equipped with a 120 x 0.3 cm glass
column containing 2% OV-1 on 60/80 mesh chromasrob G.

Alternatively, formulations and degradation products were analyzed by
high-pressure liquid chromatography (HPLC) on a Waters Associates Model 440
instrument fitted with a 254 nm ultraviolet (UV) detector and a Partisil ODS
10 Reverse Phase CIS column. The preferred solvent system was 50% aqueous
methanol or 15% aqueous acetonitrile containing phosphate buffer (pH 2.83)
which permitted direct injection of the formulation.

Photodegradation. Thin films or small droplets of MCPA/DMA spray were

placed on the bottom of 20 x 20 cm borosilicate glass dishes and exposed to

summer sunlight in Davis, California, or held in the dark as controls.
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Alternatively, aqueous spray Qas irradiated with an F40BL fluorescent UV
lamp in a laboratory photoreactor (Crosby and Tang, 1969) or as thin films
undér F40BL lamps. Irradiated films were dissolved in methanol, or the
irradiated solutions were éxtracted with ethef, and.the_organic extracts
were analyzed by GLC.

Trapping of volatile photolysis products was accomplished by irradiating
a thin film of spray on the walls of a borosilicatekglass flask through
which a slow tream of purified air was flowing. Volatile products were
femoved from the exit air by péssing it through 0.1 M aqueous sodium hydroxide
solution protected from light; at predetermined times, the alkaline solution
was removed, acidified, extracted with methylene chloride, and the extractives
analyzed by GLC. VOlatilization of dimethylamine was measured by bﬁbbling
purified air through spray solutions, trapping any evolved amine in dilute
acid, and weighing the solid trap-residues remaining after evaporation.

Field Applications. MCPA/DMA concentrate was diluted with about 40

volumes of water and applied as spray from fixed-wing aircraft to two
commercial rice fields in Butte Co., California. Air temperatﬁre was approx-
imately 25°C and wind speed 1-8 mph (0.5-3.7 m/sec) at the time of application.
Field A was calculated to receive 12 oz/acre (840 g/ha) of MCPA acid
equivalent, and Field B 14 oz/acre (980 g/ha), from an altitude of approxi-
mately 3 m,

Glass dishes were set Qut, 15 m apart, in each field for 300 m across
the path of appliéatiqn. During a period of hours after spraying, the dishes

were collected, rinsed, and the amount of MCPA determined by GLC analysis.
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RESULTS AND DISCUSSION

MCPA Formulation. MCPA/DMA formulations appear as brown homogeneous

solutions, almost odorless, with a pH of 8.0-8.1. Droplets (10 uL) of 40:1
aqueous spray on a glass surface evaporated to sticky, viscous spots rather
than to crystalline deposits, and although a thin layer (70.025 mm) of
spray also evaporated rapidly during the first hour (Fig. 2), the loss of
water was never complete, Unlike the DMA salt of 2,4-D, the MCPA salt was
soluble in nonpolar solvents such as benzene or ether, crystallized only
with difficulty, and even then represented an impure substance of variable
composition.

At least 18 impurities have been reported to occur in technical MCPA
(Sjoberg, 1950; Freeman and Gardner, 1953; Haddock et al., 1959; Gardner
and 6verton, 1960; Stevens and Grorud 1979) due principally to the impure
v-cresol and 4-chloro-o-cresol used in earlier periods of manufacture. As
conf irmed by GLC, HPLC, and GCMS, the MCPA/DMA applied to California rice in
1979 was of much higher purity (Table 4, Fig. 3A), perhaps indiqating a
.change 1n manufacturing process. 2-Methylphenoxyacetic acid was the.principal
impurity (1.0%), ‘together with smaller amounts of 6-chloro- and 4,6-
dichloro-2-methylphenoxyacetic acid and‘traces of other substances,

Neutral extractives were almost entirely absent at levels above a few
ppm of the MCPA. The aﬁide IX was present at about 300 ppm, apparently
formed by slow reaction of acid and amine even in dilute aqueous solution
(Mnrnweti.and Otaki, 1963). Huston (1972) reported three bis(dichlorophenoxy)
methanes to be the principal neutral contaminants of production-grade
2,4—D (2,4-dichlorophenoxyacetic acid); if the corresponding 4-chloro-2-methyl-
phenol derivatives were present Iin MCPA, they were below the present levels of

detection, and other neutrals such as chlorodioxins also remained undetected.
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Phétocheﬁieal Degradation. .Previous work (Soderquist and Crosby, 1975)
indicated that MCPA Qas photochemically degraded with a half-life of about
18 days in a 1.0 mg/L (5 x 10—6 M) aqueous solution at pH 8.3. However, when
droplets of MCPA/DMA spray (14.7 é/L, 0.06 M) on a glass surface were¢ ezpowed -
sunlight, 60% of the MCPA had disappeared within one work-day (about 8 hrs
irradiation), and less than 207 remained after 3 days; dark cdntrols at about’
the same temperature remained almost unchanged (Fig. 4).

Analysis of the residues by GLC or GCMS revealed several changes (Fig. 3B):
a large increase in the proportion of 4-chloro-o-cresol (IV), a dgcline in
the level of é—methylphenoxyacetic acid (II), and the presence of p-chlorophen-
voxyacétic acid (VII) and two unknowns, A (m/e 227) and B (m/e 152), not observed
in the dark conttol.(Fig. 3A). The amount of unknown B was very small; the mass
spectrum showed it to contain one Cl, and the only reasonable formula appeared
to be C8H50C1 (Beynon and Williams, 1963) corresponding to a monochlorobenzofuran
possibly derived by self-condensation of 4-chloro-2-formylphenoxyacetic acid and
 dicarboxylation of the resulting?coumarilic acid. |

Within several minutes after the onset of irradiation, the odor of
b-chloro-o-cresol (IV) became noﬁicable. Analysis of acidic volatiles trapped
during photolysis experiments showed IV to ﬁe the_principal'constituent,
along with smaller amounts of o-cresol and p-chlorophenol bresumably dérived'
from II and VII, respectively (Crosby and Wong, 1973). Also trapped was a
substance, m/e 170, whose properties were identical to those of synthesized
4-chloro-2-methylphenyl formate (ITI), the expected intermediate in
phenoxyacetic acid photolysis (Crosby and Wong, 1973). Sunlight irradiation

of aqueous IV in a flask sealed to prevent volatilization resulted in a



photolysis rate almost equal to that of MCPA/DMA and an outdoor half-life of
2.5 days (Fig. 5). HPLC analysis showed the presence of many photolysis
products, including 2-methyl-p-benzoquinone (V) and a large, highly polar
polycarboxylic acid fraction at short retention times. The generation of
these acids is reflected in the steady lowering of pH which parallels the
photolysis of both MCPA and IV (Fig. 4).

Our previous work (Crosby and Wong, 1973) also led us to expect photo-
nucleophilic displacement of the MCPA ring chlorine by hydroxyl and GLC
detection of the 4-hydroxy-2-methylphenoxyacetic acid (VI,R=H) as its
methylated derivative. A standard of the acid was synthgsized, but repeated
attempts to detect it in photolysis mixtures were unsuccessful, However,
the detection of the p-benzoquinone from photolysis of IV strongiy suggests
that loss of the acetic acid sidechain occurs much more rapidly than
chloride replacement.

The m/e 227 of unknown A corresponded to a formula of 011H14C1N02,
and fhe compound proved identical chromatographically and spectrometrically
to a synthesized standard of 4-chloro-2-methylphenoxy-N,N-dimethylacetamide
(1X). Upon reexamination, the original MCPA/DMA concentrate was found to
contain 300 mg/L of IX, and a commercial formulation of 2,4-D/DMA likewise
con;ained its corresponding amide (Table 5). However, sunlight exbosure of
elther the formulations or pure amides on dishes resulted in increased amide
formation (Table 5); although the formation of amides from amine salts in
aquenus solution has been described and explained (Morawitz and Otaki, 1963),

and the thermal reaction is well known (Que Hee and Sutherland, 1974), the

photochemical conversion has not been described previously. Exposed to

18
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sunlight, IX itself decomposed with a half-life of 3.5 days (Fig. 6), but.
the observed photoproducts were not identified; dark control levels also
diminished by about 15%, perhaps due to slow volatilization.

The observed photodegradation products are rationalized as shown in
Fig. 7. The intermediates in MCPA demethylation to VII and the oxidation of

the aromatic. ring to aliphatic aclids remain unknown.

~ Volatilization. When air was passed pﬁer the irradiated formulation,
the chlorocresol IV was quantitatively removed by volatilization as it
formed. Likewise, the other phenols and the formate ester (iII) volatilized
readily. MCPA/DMA has been reported to have an extremely low volatility from
its formulation (Grover, 1976); in fact, it is likely that the salt is
essentially nonvolatile and that the detected MCPA resulted from its hydrolysis,
While the trap contents in our experiments yielded a variety of volatile
photoproducts, neither MCPA nor the amide IX were apparent,

Fate of Airborne MCPA/DMA. Analysis of the dishes collected after MCPA/DMA

spray application.indicated that in Field A, presumed to be treated with 12
oz/acre (0.84 kg/ﬁa) as MCPA, only O.36vkg/ha (43%) could be accounted for; In
Field B, réceiving 14 oz/acre (0.98 kg/ha), only 0.24 kg/ha (24%) was found.
Although such sampiing is open to a number of errors—-for example, photodegra-~
dation in dishes awaiting collection and the lack of accurate sprayer callibra-
tion~~the resﬁlts suggest that a significant proportion of small droplets may
indeed remain for soﬁe time in the atmosphere.

Althouéh no laboratory degradation studies were made on actual spray
droplets, the results of the experiments with bulk spray and spray residues

allow at least a qualitative picture of atmospheric fate to develop. Airborne
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droplets evaporate quite rapidly to give sticky, highly concentrated particles
which would continue to undergo photochemical degradation with continual loss
of volatile products such as III, IV, VIII, and o-cresol. Other volatile
photoproducts, such as the dimethylamide IX and p-benzoquinone.(V), also
might be released but at much slower rates due t6 their slower formation.
Within a week, should the particles drift that long, the atmospheric degrada-
tion would be largely complete, and the terminal residue from MCPA/DMA appli-
cation should consist primarily of nonvolatile organic acids and their
dimethylamine salts.

To test this conception, high-volume air'sampling during and after field
‘application of MCPA/DMA (Woodrow et al., 1980; This Report, Section IV)
demonstrated the presence of MCPA and increasing proportion of 4-chloro-o-cresol
in the atmosphere; although there also was evidence of p-chlorophenol, no
dimethylamide was detected (next section).
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Table 4. Analysis of MCP-Amine Formulation

22

Constituent Amount (%) Method
Phenoxyacetates

4-Chloro-2-methyl-~ >95 GLC, HPLC, GCMS

2-methyl- 1 HPLC, GCMS

6-Chloro-2-methyl~ 0.5 GCMS

4,6-Dichloro-2-methyl- 0.5 GCMS

Other Dichloro-2-methyl- trace GCMS
Phenols

4-Chloro-2~-methyl >0.5 GLC

4 ,6-Dichloro~2-methyl- trace GCMS
Neutrals

4-Chloro-2-methylphenoxy- 0.03 GLC

N,N-dimethylacetamide



Table 5. Photochemical Generation of Dimethylamides

N,N-Dimethylamide (ppm)

Source Dark ~Light (5 days)
MCPA Formulation _ 391 _ 1375

Pure MCPA/DMA 0 ‘ 350 .
2,4-D Formulation 317 14,000

Pure 2,4-D/DMA 0o 300

Pure 2,4,5-T/DMA 0 250
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IV. AIRBORNE RESIDUES OF MCPA
AND 4-CHLORO-O-CRESOL SURROUNDING TREATMENTS OF

MCPA TO RICE--BUTTE COUNTY, 1979

Introduction

The drift of pesticide spray tq non-target areas is of concern because of
the possible damage that may occur. At best, drift may only be minimized--
through‘the use of specially designed equipment, by the addition of drift con-
trol agents to the spray tank mix, and by spraying under optimum weather condi-
tions (i.e., low temperature, low windspeed, and when the wind is moving away
from a non-target area) (Akesson et al., 1977; Lawson and Uk, 1979).

A potentially important drift problem is related to the widespread use of
the herbicide MCPA in rice culture in Butte County, California. Since many rice
;fields are located near extensive almond and walnut orchards, there is concern
‘that even a small amount of drift of MCPA into the orchards may adveréely affect
the trees. We report here the results of a study which was intended to describe
the extent of drift of MCPA during application and the movement of airborne
residues post-application in defined rice field-adjacent orchard locations.
However, no conclusions are drawn concerning the impact of residues in orchard
2ir o7 ~“he health of the trees because there 1s presently no basis for correlat-

ing airborne residue levels with injury.
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“ Experimental

Field Treatments. Three rice fields, located in Butte County, California,

were treated commercially one time eath with the dimethylamine salt of 4-chloro-
2-methyl phenoxyacetic acid (MCPA) on June 17, 22, and 30 (Figure 1) at 0600-
0730, 0817-0945, and 1008-1150, respectively. The rates of application of acﬁlve
ingredient were 1.03 kg/ha (June 17 (65 ha); Rhodia) and 0.84 kg/ha (June 22

(90 ha) -and 30 (250 ha); Dow). The June 17 application alsq included 0.08 kg/ha
Nalco—trolR drift control agent in treatments.made from the northern boundary of
the field to 305 m south of this boundary. The applications wefe made by fixed~
wing aircraft in an east-west direction at an altitude of 3 m above the riée.

For the most part, the wind was out of the northwest; windspeed and difection
were recorded by a portable weather station near the fields.

Air Sampling. High volume (Hivol) air samplers (Staplex), capable of flow

rates greater than 1 m3/min, were charged with 100 ml 20-50 mesh XAD-4 cross-~
linked polystyrene macro-reticular adsorbent (Rohm and Haas); the adgorbent was
prepared by washiné with water and acetone, and then Soxhlet extraction with
methanol (1 day) followed with diethyl ether (1 day) with subsequent drying at
50°C in a vacuum oven overnight.  The Hivol sampléré were placed at various dis-
tances up to 1.9 km downwind and adjacent to and inside orchards upwind of the
aﬁplications (Figure 1). The June 17 application was not monitored; however, air
samples were taken.approxiﬁately one hour, two hours, five hours, one day, and
two days post—application. For the June 22 treatment, samples were taken during
application, one hour, five hours, one day, and three days after application;‘air
samples were also taken during the June 30 application and approximately 0.5-1

hour afterwards. Two Hivol ambient sampling stations were set up near the two
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fields treated on June 22 and 30 (Skinner property shop, North Station) and at
the Rice Experimental Station, Biggs, California, approximately 18 km southeast
(South Station) (Figures 8 and 9). The samples were operated by electric timers
from 0500 to 1600 hours each day from about June 10 to August 3, 1979. In most
cases, the XAD-4 adsorbent was changed each day. All air samples were stored

In screw-cap jars, transported to Davis, California, and stored at -10°C until
analyzed.

Sample Preparation (Figure 10). To each adsorbent sample was added 150 ml

Nanograde methanol (MeOH; Mallinckrodt); the samples Wefe swirled on a rotary
shaker for two hours, and ;hen were decanted and filtered. The filtrates were
reduced in volume to about 10 to 20 ml using a rotary evaporator, diluted with

a 100 ml mixture of 0.1 N aqueous sulfuric acid and 5% sodium suifate in a
separatory funnel, and shaken vigorously for about 90 sec with 40 ml Nanograde
methylene chloride (MeClz) with frequent venting. After sepafation, the MeCl2
layer was dralned into a 50 ml centrifuge tube, reduced in volume to 1 to 2 ml
under a stream of dry nitrogen and in a water bath heated to 50°C, and then mixed
with 1 to 2 ml ethereal diazomethane (CHZNZ) at room temperature for 30 min.
After this time, 2 ml Nanograde hexane was added, excess diazomethane was
evaporated under a stream of dry nitrogen using the heated Qatervbath, and the
mixture (3-4 ml) was transferred to a hematocrit and reduced in volume to 0.5 ml
for gas chromatography (GC). When further cleanup was réquired, the methylated
sample was taken just to dryness and then dissolved ih 5 ml benzene. The solu-—
tion was added to the top of a 7 cm x 1.6 cm column of 80-100 mesh PR grade
Florisjl (activated overnight at 110°C in a drying oven) prewashed with 35 ml
benzene; the addition was followed by 2 x 5 ml benzene washes of the hematocrit.
The Florisil column was then eluted with 40 ml 67 diethyl ether in benzene and the

eluate was adjusted in volume for GC.
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Gas Chromatography. GC was accomplished using a Dohrmann gas chromatograph
equipped with‘a Model C-200 microcoulometer, a Model P-100 furnace control, and
al5mxé6 mm‘(OD) glass column packed with 10% DC-200 on 80-100 mesh Gas Chrom
Q at 150°C. After each injection the solvept was allowed to vent to the at-
mosphére for about 30 sec after passing through the GC column. The vent Qés then
closed allowing the chromatographed residues to pass to the detector. The mini-
mum detectability, based on detector response to standard injections, was about
3 ng/m3 for a one hour Hivol sample and <1 ng/m3 for an ambient Hivol sample.

The saméles were quantitated by comparing peak heights with those 6f standards of
MCPA and 4-chloro-o-cresol (4-CLOC), a major breakdown product of MCPA (Figure 11),
Confirmation of MCPA and 4~CLOC in some of the air samples (four out of over 100)
' Qas accomplished using a Finnigan Model 3200vgas chromatograph/mass spectrometer
(GC/MS) équipped ﬁith a Model 6000 data system. The GC oven contained a‘15:1
splitter and a 30 m glass capillary colummn coated with SP2250 (Supelcq) which

was programmed.from 100°C to 240°C at 8°C/min. At 3 sec/scan, a typical run

fime for each samplg was about 15-20 min. The mass spectral data are as follows
(Figure 12); For MCPA (methylated)-m/e 214 (parent), m/e 141 (base), m/e 155,

m/e 89 (tropylium cation), and m/e 77. Associated with each fragment (except

m/e 77 and m/g 89) was a fragment containing the 37C1 isbmer (37Cl/35C1 = 0.333);
for 4-CLOC (not methylated)—m/e 142 (parent),.m/e 107 (base), m/e 89 (tropylium
cation), and mle 77. Associated with m/e 142 waslthe 37Cl isomer‘frégment

m/e 144 (144/142 = 0.333).

RESULTS AND DISCUSSION

Sampling and Analysis. XAD-4 resin has proved to be an efficient trapping

agent for a variety of pesticides (Woodrow and Seiber, 1978; Seiber et al., 1980).
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When MCPA was spiked in known amounts to XAD-4 and air was drawn through the
mixture using a Hivol sampler operated at ca 1 m3/min for 90-120 min, reccoveries
of MCPA were in excess of 80%Z. This high recovery partly reflects the low
volatility of the amine salt of MCPA (estimated vapor pressure of ca 10“10 m
Hg, by analogy wit!i that of the amine salt of 2,4-D reported by Hee and
Sufherland, 1974) rendering it immobile in the resin bed, and the good solubili-
ty of the salt in the methanol extracting solvent. By contrast, fhe recovery of
4-CLOC spiked as vapor to the resin bed in a similar test was 44.8 + 2.47
(average and one standard deviation of three replicates); this apparently re-
flects the higher volatility of 4-CLOC when compared with MCPA.amine salt,

since the extraction of resin spiked with 4-CLOC but not subjected to an air
.iuw gave recoveries in excess of 80%.

Under-actual spray conditions, the amounts of MCPA amine salt existing as
vapor should be very low and air sampling, then, would involve trapping eséen-
tially only aerosols; however, the trapping efficiency of XAD~4 for aerosols is
not kﬁown. In an earlier‘study using polyurethane foam to trap airborne dust,
poor trapping efficiencies were observed (Adams and Caro, 1978). However, the
aerosols of MCPA formulation resulting from the evaporation of larger aqueous
aerogsols would be "sticky” drops of liquid rather than dry crystalline material.
Thls‘may aid XAD~4 in trapping the material from air. The ability of XAD-4 to
trap aerosols from air is presently under investigation.

The methanolic extracts of XAD—4vair samples contained residues of MCPA
amine salt, 4-CLOC, and potentially the MCPA free acid. Dilution with 0.1 N
sulfuric acid converted the amine salt to the acid (pK = 3.28) and insured effici-
ent partitioning of MCPA into the MeCl2 phase. Subsequent treatment with diazo-
methane gave a rapid and quantitative conversion to the volatile methyl ester

(confirmed by GC/MS). On the other hand, the phenolic group of 4-CLOC is very
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weakly acidic, underscored by the fact that only about 50% of 4-CLOC in a .non-
polar solvent is extracted into pH 13 aqueous base. Apparently because of this,
4~CLOC was not methylated to any appreciable extent by diazomethane in the time
required for complete methylation of MCPA. Based on relative peak height of gas
chromatograms, methylated 4~CLOC accounts for only 7 to 8% of the total cresol
reéidue. Thus, 4—CLOC_was quantitated as the unmethylated phenol.

Rice Field Air Samples. Prior to the three applications, air samples were

taken in the same area to establish background levels of MCPA and 4-CLOC (Table
6). Out of the six samples taken, only two contained measurable MC?A residues.
(near the detection limit), and none had 4~CLOC residues above the,detectioh
limit. It is noteworthy that one of the two samples that contained MCPA was .
taken at the south edge of an almond orchard (Price orchard, Figure 8). Since
no applications had been made in the immediate area, residues occurring at the
sampling stations may have been brought in by the prevailing south, southeast
winds from applications made much further south.

In the vicinity of the three test fields, the winds blew from the northerly
directions infredﬁently (Table 7) and it was generally during these brief
perilods (a‘féw houfs at most) that MCPA spraying was allowed by the Butte
Céunty Agricultural Commissioner. By far the predominaté winds 1n'tﬁis area
were from the south and southeast. This meant thét, in practice, one could col-~
lect downwind air samples south of a specific field only during spraying and,
at best, for a féw hours post-spraying. At other sampling times it was diffiCUit
to correlate observed airborne residues with specific treatment locations? as any
treated fields south of the study area (where rice is the major crop) could have

contributed to residues collected by our air samplers.
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Replication of fesults in laboratory tests made of the analytical procédure
were quite good. However, we did not have a sufficient number of air sémplers to
allow for collecting replicates routinely at the same location for rigorously
testing variability in the field. At only six field sampling locations of more
than 100 employed in the tests to be described below were duplicate samples taken.
The agreement for these duplicates (Table 8) was generally satisfactory; express-—
ing the difference betweeﬁ nanograms trapped by two duplicate samplers as a per-
cent of the mean of the two (A/QIXAIOO), variabilities for MCPA ranged from 0.6
to 36% (average variability 11.4%) while for 4~CLOC they were from 1.5 to 517
(average variability 29.8%).

The June 17 application (Table 9 ) was made to a rice field in Section 9
( Tohnson; Figure 8) located on the south side of Pratt-Grant road at 0600-0730.

A mature almond orchard (Price) was located to the north just across Pratt-
Grant road. No air samplers were operated during the spray treatment, but post-
spray alr samples were collected up to two days following treatmenf at several
sites near and within the field, and 30 m inside the orchard. Low but measurable
MCPA residues (3-65 ng/m3) were obtained in most samples taken at the squth edge
of the treated field and at distances up to 1.9 km south of the field during the
two-day post-spray sampling. Generally, the levels declingd with increasing
distance from the fleld such that at the 563 m and 1.9 km south sites at 1 hr,

5 hr, and 1 day post-spraying only one sample of 5 showed a residue (11 ng/m3)
above the approximate detection limit. It should be noted, however, that the
wind was predominately from the west and south, southeast during post-—spray
sampling done at 5 hr and 1 day, minimizing the chance of residue movement
through the air to the south sampling sites at those sampling periods.

Generally higher (<2-281 ng/m3) 4~-CLOC residues were obsérved in similar

south samples except those taken at 5 hr post-spray. Excluding these 5 hr
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samples, the ratios 4—CLOC/MCPA were 22.3 (1 hr), 13.1, 7.1, and 23.4 (% = 14.5,
2 hr), 3.8, 11.4, 9.4, 14.3 and 70.5 (% = 21.9, 1 day), and 1.4 and 0.7 (5 = 1, 2
day). Considering that 4-CLOC is much more volatile than MCPA-dimethylamine
salt or MCPA free acid, the results indicate that airborne 4-CLOC originated

by volatilization from the rice field of residues &epositéd in the rice field

~ with the spray formulation (in which it is a minor constituenﬁ) or fofmed‘

from MCPA in the rice field dufingkpvst—spray weathering.

Only minor MCPA intrusions (<2-15 ng/ms) were noted within the Price
orchard, and slightly higher residues (8-35 ng/m3) were at the south edge of the
orchard facing the rice field in the post-spray samples. The average ratlo
4~CLOC/MCPA within the orchard was 17.6, and at the south edge of the orchard it
was 11.1. Both are in rough agreement with ratios recorded south of the fice
field, and thus indicate post-spray volatilization from the rice field as tﬂe
source of 4—CL00;

Conclusions from thé June 17 treatment were: (1) Post-spray airborne MCPA
levels in air surrounding the treated field were generally low, as pfedicted
from the low volgtility of MCPA-dimethylamine salt; (2) Airborne MCPA was, how-
ever, detectable in most post-spray samples; (3) airborne levels of 4-CLOC
generally exceed MCPA (je., ratio > 1) in the post-spray samples, reflecting
the ability of the more volatile 4-CLOC to evaporate from the treated field
after spraying was completed; and (4) some movement of both chemicals occurred
‘toward and within a nearby almond orchard, bUt in low levels. The latter is
reinforced by the presence of detectable residues of MCPA in almond leaf samples
taken in the Price orchard by Winterlin's group on June 17 and 18.

The June 22 application was made to a western portion of Section 14
(Skinner; Figure 8) at 0817-0945. Both spray and post-spray samples were col-

lected adjacent to the field, at several locations south of the field, in. an
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almond—walnut orchard (McClintock's) located ca 400 m north of the field, and a
pistachio orchard (Peterson’s) located ca 3.3 km north of the field (Table 10).
Downwind (south) samples taken during spray contained MCPA at levels of 573
(south edge of rice field), 295 (201 m south), and 62 ng/m3 (402 m south) for
which 4-CLOC/MCPA ratioé were 0.21, 0.07, and 0.11, respectively (x = 0.13)--a
sharp contrast with June 17 post—-spray air samples. The post-spray samples taken
at 1 and 5 hr showed much lower airborne MCPA residﬁes tﬁan recorded during spray,
and an increased 4-CLOC/MCPA ratio (x = 1.6).

Samples taken at the north edge of the field showed apparent upwind drift
of MCPA (207 ng/m3 MCPA, and a 4-CLOC/MCPA ratio of 0.1) during spraying. Samples
taken at the same location after spraying had 6 (1 hr), 10 (5 hr), 36 (1 day),
and 5 ng/m3 (3 days) with 4-CLOC/MCPA ratios of 9.5, <0.2, 0.69, and 4.8 respec-
tively (x = 3.8).

Almond-walnut orchard samples showed levels of MCPA at the detection limit
during spraying, minor incursions of MCPA (< 2-13 ng/m3) at 1 hr, 5 hr, 1 day
(am), and 3 days post-spraying, and AQCLOC/MCPA ratios varying over a wide
range from < 1-17.3 (x = 4.1) during the same sampling times. The levels 6f MCPA
(107 ng/m3) and 4-CLOC (275 ng/m3) in the high orchard sample (ie, one taken just
above the orchard canopy) on the afternoon of day 1 post-spray were considerably
above all other similar samples (confirmed by GC/MS). We tend to ascribe ghls to
drift from an MCPA treatment made other than in Section 14, and note that a
June 23 application was recorded in Section 8 (about 2 miles to the west) thle
8t11l1 others may have taken place in rice fiéldé to the south during that after-
noon period. Since wind direction during the period the anomalously high samples
were obtained was from the southeast, the second explanatién is favored.

Leaf residues of samples of McClintock orchard walnuts on days 0 (June 22),
and 1 (June 23) showed 0.34 and 0.28 ppm, respectively, and by June 29 were

still at 0.24 ppm (cf Seetion V).
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There was no measurable airborne MCPA or 4-CLOC in the pistachio orchard in
samples collected during or following the June 22 application to Section 14,
- There was also no measurable leaf residue (< 0.01 ppm) in this orchgrd in samples
collected on June 22 and 23 (Section V). |

Several points regarding the June 22 application and accompanying air sam-
ples deserve comment : (1) A second rice field only‘0.5 ﬁile'south.of the study
field was sprayed with MCPA at virtually the same time as the study field.
Thus, airborne 1evéls recorded south of the study field may have included
some residue from the 2nd field. (In fact, oﬁe air sampler located 0.5 mile
south of the study field received a "direct hit" from the 2nd application'and
thus was not analyzed). (2) The 4~CLOC/MCPA ratios in downwind samples-taken
during spraying are much lower than in similar post-spray samples. This is
in line with the origin of-spray—drift 4~CLOC resting with the formulation
‘applied, as opposed to its origin post-spray by the volatilization mechanism
referred to previously in this report. (3) MCPA residues of 33-79 ng/m3 were
recorded just above the rice field at 1 day post-spray, and were generally
higher in the afternoon than in the morning. This, when combined with similar
results from in?field air sampleé taken at 1 and 2 days post-spray at Section
9 (Table 9), indicate that MCPA itself (logically as the free acid rather
than the amine salt) may volatilize from a treated rice field by a similar
mechanism to that described for 4-CLOC (but at a lower rate than for 4-CLOC).
(4) McClintock orchard air and leaf residues bearing MCPA on days 0 and 1
cannot clearly be'éscribéd to the Section 14 spraying for, as was noted above,
an application was made simultaneously less than a mile south on day 0 (June
22) and at one other rice field west and probably at others further south on
day 1 (June 23). <Apﬁlications further south almost certainly contributed to
the‘aﬁomélouslylhigh day 1 -afternoon residue in the.McCIintoék:orchard since

the wind was from the south duriﬁg that sampling period.
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The June 30 application (Table 11) was made to an eastern portion of Section
14 and western portion of Section 13 (Skinner; Figure 8) at 1008-1150. As far as
wo could determine, this was the only MCUA treatment made that day in the Pratt-
Grant road vicinity. Air samples were taken during spraying and 0.5-1 hr post—
vsprnying at locations similarly deployed as in the June 17 and 22 applications,
and in two orchards one of which (McClintock's--almonds/walnuts) was located
cia 300 m northwest of the north edge of the treated field and the second
(Martinez--almonds) ca 804 m north of the treated field. Downwind (south)
residues of MCPA declined from 346 ng/m3 (south edge), to 51 ng/m3 (201 m
south), and tg 18 ng/m3 (402 m south) during spraying. However, 4-CLOC did
not show a similar decline with distance (77 ng/m3 at south edge, 57 ng/m3
at 20l m south, and 72 ng'/m3 at 402 m south) and the 4-CLOC/MCPA ratios
reflected this (0.22, 1.12, and 4.00). 1In this case, most of the 4-CLOC in
air did not originate from the spray drift, but may have come from the field
in which the samplers were deployed. This seems likely since the ffc]d just
. south of the June 30 application had been treated with MCPA on June 25 and
27.. At 0.5-1 hour post-spray, the same sampler stations had 45, 5, and 12 ng/m3
MCPA and showed 4~CLOC/MCPA ratios of 2.0, 15.2, and 4.8. The north edge of
the field had 46'ng/m3 MCPA during spray and 10 ng/m3 0.5-1 hr post spray,
with 4-CLOC/MCPA ratios of 1.1 and 5.1, respectively, indicating spray drift
and post-spray field vaporization of 4-CLOC.

The northwest orchard (McClintock's) héd very low (2 - 11 ng/m3) MCPA in

“a spray and posf—spray samples but unexpectedly high 4-CLOC residues (144
and 190 ng/ma) reminiscent of those recorded in the Price orchard on June 17
and 18. A single sample taken in the orchard (Martinez) north of the rice
field had 5 ng/m3 MCPA and 60 ng/m3 4-CLOC (confirmed by GC/MS). There were
no leaf samples taken on this day from eithef the McClintock or Martinez

orchard for comparison with the air residues.
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With regard to intrusion of MCPA into nearby orchards, the June 30 applica-
tion indicated that such intrusions should be very low when wiﬁd direction is
f;om orcﬁard to field (as was the case for the McClintock orchard); when the
otrchard is greater than 804 m upwind or crosswind from the field (the case for
the Martinez orchard), and the windspeed is relatively brisk (8 mph in this case)
and constant (west and northwest in this case). However, since all of these
factors should mitigate against 4-~CLOC intrusion as well as MCPA, the finding
of high 4—CL60 residues in both orchards is unexplained.

Composite Profiles of Airborne MCPA in the Vicinity of Treated Rice. The

downwind (south) dissipation of ailrborne MCPA for the June 30 application is
plotted in Figure 13 using both total volume (TV; Table 11) qf air sampled ana
effective volume (EV). The latter is the produgf of sampler flow rate and time
the wind blew tbward the sampler within an arc described by the field dimen-
sions and the sampler position. Total volume, which was used to'computé con-
centrations for all of the samples collected in this study, will not_accurately
represent airbornevresidﬁe levels if, under certain spray drift conditions, the
wind occasionally shifts away from the samplers so that not all the air sampled
contains residues. Using EV, the average concentration of MCPA at each downwind
station during spraying was 497 ng/m3 (south edge), 164 ng/m3 (201/m south), and
156 ng/m3 (402 m south). The ratios EV/TV were 1.4 (sougﬁ edge), 3.2 (201 m
south), and 8.7 (402 m south) indicatihg that the use of either EV or TV will
have a pronounced influence on the assessment of long-distance drift.

FigurelB shbws that rapid decline in concentration occurs near the soutce
followed by a more gradual change with increasing distance; this has been ob-
served for another non-volatile herbicide--paraquat (Byass and Lake, 1977; Seiber
and Woodrow, i980)——and it may be typical of any aircraft sprays containing non-

volatile pesticide salts. The dissipation curves suggest (especially the EV
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curve) that, depending upon the source strength, measurable residues of MCPA may
be foundAkilometers downwind. However, due to uneven terrain and possible turbu-
lent wind flow, downwind concentrations may be somewhat attenuated.

A composite map of MCPA and 4-CLOC airborne residues based upon the June 22

"upwind" and "downwind" sites both dﬁring and just

.and June 30 treatments for
foliowing MCPA application to rice is given in Figure 14. . Generalizing, this
composite indicates a decline in residue of both MCPA and 4-CLOC with downwind
distance during spraying, but that significant downwind drift will extend far
beyond 400 m; a rapid decline in airborne residue with time following treatment
(approximately by a factor of 10 for MCPA but less for 4-CLOC) at 1 hr post-—
spray; a lower residue just upwind of the field than just downwind (approxi-
mately by a factor of 2-10 for MCPA); very little upwind intrusion of MCPA to
orchards beyond 400 m of the field; but surprisingly significant upwind
1ntfusion of 4~CLOC beyond 400 m of the field (a finding which at this point

is unexplained).

Ambient Air Samples. The two ambient air sampling stations located on the

Skinner property (North Station) and at the Rice Experimental Station (South
Station) (Figure 9) gave many samples that contained MCPA and 4—CL6C residues
(Tables 12 and 13). Councentrations in air ranged frim abova 34 ng/m3 to less
than 1 ng/m3. Generally, the higher values for MCPA were recorded during the
p;riod of most intense MCPA use in Butte County during 1979 (June 15-July 1),
while for 4-CLOC a trend in this direction was also noted but with greater
variability. With regard to the latter, it should be pointed out that recovery
efficienciés for 4-CLOC in these ambient samples was likely very low due to the
tendency of this chemical to volatilize from the resin during prolonged sampling.
This may explain why 4-CLOC/MCPA ratios in these ambient samples were generally
much lower than might have been expected from shorter interval samplés taken near

known application sites.
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While long-distance drift from remote applications is a possible contribu~
ting source, many of the samples were collected on days when known applicatioﬁs
took place in the general area about-each station (indicated by + in Table 12).
Only one documented application near the South Station is available thus far. I;
took place on June 22 at tﬁe Rice Experimental Station south and west of the
sampler and is probably responsible for the énhanced residues observed since
the wind was predominately from the west and southwest during fhat sampling |
period. Depending upon the meteorological conditions prevalent during the
applications, the actual concentrations in the vicinity of the air samplers
may have been considerably higher than ;he time~averaged concentrations would
indicate. For example, the June 30 North Station sample was taken 10 to 12 m
west and northwest of a known application in Sections 13 and 14. Concenérations
of MCPA and 4-CLOC in éir based on the time of spraying only were almost six
times greater than the time~averaged concentrations. At best, ambient.samples

give minimum concentrations of airborne residues.
Sumnar

Aerial application of MCPA in this study led to measurable sPray—reiaped
residues up to 400 m downwind for both MCPA and 4-CLOC. This implies that
measurable residues would occur at even greatef distances‘downwind. Residues
were also measured in the orchards north of the tteaCment sicés in spite of the
wind limitations prescribed by the Butte County Agricultural Commissioner.
However, the effect, if any, of the.observed reslidue levels on tﬁe health of
the trees is pot known. Some of the postfspray.air.samples seem to indicate
that MCPA may be vaporizing along with 4~CLOC from the treated fields. Further

. insight into this possibili;y might be gained throﬁgh vaporizétioﬁ ﬁeasurements

in the 1aboratory; While MCPA and 4-CLOC residues in the ambient samples no
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doubt reflected primarily local applications, long-distance drift from more
remote applications must be considered as well. More than 60% of the combined
samples from the two meient stations contained measurable MCPA residues
indicating that levels in air probably remain elevated during the spraying
season which would allow for widespread distribution. The presence of MCPA
and 4~-CLOC was confirmed by GC/MS in only four samples out of over 100 taken;
any time a sample chromatogram matched the standards, it was assumed that the

sample contained MCPA and 4-CLOC.
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Table 6. Air background samples of a rice field environment, June, 1979

Concentration in

Air, ng/ﬁ3a
Date Location MCPA 4-CLoC
6/07 Over untreated rice field 3b <3
6/11 Top of orchard canopy <3 - <3
6/11 1.2 m above orchard floor <3 <3
6/11 Over untreated rice field <3 <3
6/11 Ovef untreated rice field <3 <3
6/16 At south edge of orchard 4¢ <3

fcalibrated flow of 1.12 m3/min for about 60 min.
b
210 ng MCPA

€250 ng MCPA



Table 7.

June 17:
1 hour
2 hours
5 hours
1 day

2 days

June 22:
Spray

1 hour

5 hours

1 day a.m.

p.m.

3 days

June 30:
Spray

0.5-1 hour

45

Wind direction and average wind speed for the sampling periods.

Percent of Sampling Time (per 1/4 hr.)

NE E SE S SW W NW Average Windspeed, mph (m/sec)

45 55 13 (5.8)
5 50 9 (4.0)
9 64 27 7 (3.1)
20 10 50 20 3 (1.3)
50 50 8 (3.6)
29 43 14 14 1 (0.4)
19 81 6 (2.7)
45 55 5 (2.2)

22 11 67 0.7 (0.3)

100 3.0 (1.3)
29 71 4 (1.8)
62 38 8 (3.6)
21 68 11 6 (2.7)




46

Table 8, Variability between duplicate field air samples.

MCPA, ng 4-CLOC, n_, L

_ A b
Site Time Rep 1 Rep 2 mean x 100 Rep 1 Rep 2 mean x 100
S edge June 22 1 hr 23,100 33,000 36% 14,400 21,900 32%
S edge June 22 5 hr 17,800 17,900 0.6 6,750 10,800 46
S edge June 30 Spray 54,400 38,600 17 13,000 7,750 51
S edge June 30 0.5~ 5,825 5,750 0.6 13,725 8,800 44
1 hr

402mS  June 30 Spray 2,512 2,600 3.4 10,250 10,100 1.5
402mS June 30 0,5- 2,362 1,940 11.0 10,400 10,825 4.0




Table 9. MCPA and 4-chloro-o-cresol (4-CLOC) in air samples taken after the

June 17 application.

Concentration in Air, ng/m3

67

Station 1 hour 2 hours 5 hours 1 day 2 days
High MCPA 13 - <2 15 4
Orchard® 4-CLOC 183 - 107 183 10
Low - - <2 9 14
Orchardb - - 78 12 10
South edge 17 - 8 35 6
of orchard 200 - 150 391 15
South edge of - 13 17 65 16
rice field, 0.3m high®  -- 170 <2 250 22
South edge of - 16 8 18 12
rice field, 1.8m high® - 114 <2 206 8
201m south - 12 3 24 -
of rlce field - 2819 24 227 -
563m south - - <2 11 -
of rice field - -~ <2 157 -
1931m south 3 - 3 <2 -
<f rice field - 16 141 -

3At the top of the orchard canopy.
b'-1.2mabove orchard floor next to High Orchard (30 m in from south edge).

CSamplers were moved into the treated field on days 1 and 2.

dA-CLOC confirmed by GC/MS.



Table 10. MCPA and 4-chloro-o-cresol (4-CLOC) in air samples taken during and 48
after the -June 22 application?

Concentration in Air, ng/m3

Station Spray 1 hour 5 hours 1 daye 3 days

High MCPA 3 <2 <2 A3 <3
g 107

Orchardb’c 4-CLOC 3 <2 <2 32 11
275

Low 3 <2 <2 10 9

orchard® 52 12 <2 12 80
38

North edge 207 6 10 35 5
. 20

of rice field 21 57 <2 30 24

South edge of 573 137 231 - —_—

rice field 122 88 114 - —-—

20Im south 295 59 69 - -

of rice field 20 46 101 —_ -

402m south 62 5 - - —

of rice field 7 24 - — -
32

0.3m above - - — 79 10
L4

rice'field - - - 62 22
33

1.8 m above - - - 55 10
-iva € . . _ <«

rice fleld 31 21

FAnother application took place simultaneously with this one about 804m south of
the test field.

b

At the top of the orchard canopy.

“Afternoon MCPA and 4-CLOC confirmed by GC/MS.

d~1.2m above orchard floor next to High Orchard (30 m in from south edge).

eMorning/Aft:_ernoon; other samples were taken during the afternoon.



Table 11. MCPA and 4-chloro-o-cresol (4-CLOC) in air samples taken during and
after the June 30 application

Concentration in Air, ng/m3

Station Spray 0.5-1 hour
NW Orchard MCPA <3 -
High® 4-CLOC 144 —
NW Orchard 11 2
Low® 190 40
North 5 -
Orchardb ' 60 -
North edge of 46 10
rice field 49 51
South edge of 346 45
rice field 77 88°¢
201m south 51°¢ 5
of rice field 57¢ 76
402m south ' 18 12
of rice fiecld 72 57

fMcClintock orchard: High-at top of orchard canopy;
Low~1.2 m above orchard floor next to High; both -~30m
into orchard from south edge.

bMartinez orchard-south edge.

CEstimated concentrations, samplers shut off prematurely.

49
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Table 12. Ambient air samples from North Station

MCPA 4-CLOC

Sampling., Amount, Conc. in Amount, Conc. 1in Section
Dates Volume, m ng Air, ng/m ng Air, ng/m” Spray® Number for Spray
6/13-6/15 1,458 1,980 1 6,000 4 - -
6/15-6/16 76 7,850 11 2,950 4 + 23, 24
6/16-6/17 1,102 1,325 1 2,800 2 4 7, 9, 23, 24
6/17-6/18 813 < 200 <1 < 200 <1 - -
6/18-6/19 833 1,660 2 < 200 <1 - -
6/20-6/21 806 4,080 5 7,254 9 + 23, 24
6/21-6/23 1,814 6,380 4 < 200 <1 +H 8, 14, 13, 23, 24
6/23-6/25 1,250 7,650 6 < 200 <1 + 8, 23, 24
6/26-6/27 759 10,150 13 16,250 21 + 23, 24
6/27-6/29 1,438 5,400 4 9,000 6 - -
6/29-6/30 766 3,350 4 < 200 <1 - -
6/30 638 10,500 Ef: 12,500 _EE: 4 13, 14

114 92 109 _

7/1 323 3,360 | 10 10,910 34 - -
7/3-1/15 8,622 37,250 4 < 200 <1 - -
7/17-8/3 12,513 32,550 3 < 200 <1 + 12

4+ {ndicates number of known applications in general area about the sampling station
(up to 5.8 km).

bThe upper numbers are time-averaged concentrations; the lewer numbers are concentra-
tions based on spray time only (1.7 hours; 114 m3).



Ambient air samples from South Station®
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Table 13.
Anmount , Conc. 1in Amount, Conc. in Amount , Conc. in
Date ng Air, ng/m Date ng Air, ng/m Date ng Air, ng/m
6/10-MCPA < 200 <1 7,100 10 3,400 5
6/19 6/28
6/11 4-CLOC < 200 <1 9,600 13 3,925 5
< 200 <1 5,150 7 3,720 5
6/11 : 6/20 6/29
<.200 <1 12,650 17 2,175 3
4,150 6 2,880 4 2,000 3
6/12 6/21 7/14
10,000 14 11,350 15 3,000 4
< 200 <1 b 16,250 22 < 200 <1
6/13 6/22 7/15
< 200 <1 8,350 11 © 2,450 3
9,550 13 9,750 13 < 200 <1
6/14 6/23 7/16
"13,420 18 13,500 18 3,100 4
< 200 <1 4,720 6 750 1
6/15 6/24 7/117
< 200 <1 4,900 7 11,450 15
7,700 10 3,900 5 < 200 <1
6/16 6/25 7/18
, < 200 <1 10,050 14 12,200 16
< 200 <1 9,480 13 385 0.5
6/17 6/26 7/19
18,000 24 12,200 16 9,950 13
: 3,600 5 8,750 12 _ 670 1
6/18 6/27 7/20
10,350 14 13,450 18 2,880 4
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Table 13, cont.
Amount, Conc. in Amount, Conc. in Amount, Conc. in
Cate ng Air, ng/m Date ng Adir, ng /m Date ng Air, ng/m
< 200 <1 < 200 <1 < 200 <1
7/21 7/26 7/31
2,090 3 < 200 <1 2,050 3
< 200 <1 555 0.8 760 1
7/22 7727 8/1
1,580 2 2,350 3 13,225 18
255 0.4 610 0.8 2,450 3
7/23 7/28 8/2
1,480 2 2,050 3 14,700 20
: < 200 <1 ~ 850 1 < 200 <1
71/24 7/29 : 8/3
1,500 2 14,200 19 1,325 2
1,725 2 ' 1,525 2
71/25 : 7/30
2,850 4 11,900 16

Aa11 sampling volumes were 739 m?, except for the first sample which was 538 m3.

hApplication of MCPA took place south and west of sampler.
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17 ng
4-CLOC - 4-CLOC, 46 ng/m3
A B

17.6 ng : 3
MCPA MCPA, 49 ng/m
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Figure 11. Gas chromatograms of MCPA and 4-chloro-o-cresol (4-CLOC) standards
(A), a typical rice field air sample (B), a reagent blank (C), and
an air background sample (D).
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.MCPA concentration in air, ngﬁm3

Figure 13. Decline of airborne MCPA with distance during the June 30 applica
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Distance downwind, meters

to rice (EV = effective volume; TV

Eion
total volume of sampled air).
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Location During spray 1 hr post spray
400-800 m (orchard) <3-11 (52-190) €2 (12-40)
upwind
0-10 m 46-207 (21-49) 6~10 (51-57)
Rice
Field
. 0-10 m 346~573 (77-122) 45-137 (88)
downwind 201 m 51-295 (20-57) 5-59 (46-76)
402 m 18-62 (7-72) 5-12 (24-57)

Figure 14. Summary of Tables V and VI. MCPA and (4-CLOC) reported as ng/m3.
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V. FOLIAGE RESIDUES OF MCPA

To complement the atmospheric samples (Part IV), leaf samples were collected
from orchards both adjacent to and at a distance from monitored spray applications.
The tree species sampled included almond, pistachio, and walnut; samples were
collected at time intervals which would span the period from several days pre-
spray to 3 months post—spréy, although not all locations were sampled at each
interval, |
Experimental -

Sampling. Trees were selected by location in the orchard, marked, and 100
.leaves per replicéte sample (25 leaQes per tree) were taken as uniformly and
randomly as possible from throughout the external leaf cahopy. In one late-
season instance, almond hulls also were collected in a random pattern. Collected
leaves from each of 4 trees were composited.for each replicate sample and
stored separately in glass jars. The jars were then transported cold, in an ice
chest, to the laboratory and stored at -30° until analysis. Soil surface
samples were collected by means of a portable vacuum collector, and core samples
approximately 1 cm in depth and 3600 cm2 in total area were taken at the same
location. |

Eﬁgigggigg. Blended dry plant material or soil (25 g) were placed in a
Waring blender fitted with a Polytron rotor, with 250 ml of ethyl acetate and
2.5 ml of 1IN HCl, The contents were blended for 2 minutes and filtered through

anhydrous sodium sulfate (Na SOA) into a glass storage bottle.

2
Cleanup. The total extract was ;ransferred to a 250 ml round-bottom flask
&n.¢ evapcrated to dryness. Ethereal diazomethane solution (5 ml) was added and
allowed to react for 10 minutes, 5 ml of benzene was added, and the contents were
evaporated to dryness on a rotating evaporator (caution: do not allow sample to

evaporate beyond dryness). The residue was dissolved in 5 ml of benzene in

preparation for column.chromatography.
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A cleanup column, 10 cm x 12 mm 1.d., containing a 125 ml reservoir was
packed with a glass wool pluget, followed in sequence by 1 cm NaZSOQ’ 8 cm of

P.R. Grade Florisil, (80-100 mesh, heat treated overnight at 110°C), and

finally by 1 cm NaZSOA' The column was prewashed with 35 ml of ben;ene, the
sample was transferred to the column with a disposable pipet, the fiask was

washed with three separate 5 ml washes of benzene, and each washing was transferred
to the column just as the previous 5 ml portion disappeared into the top layer of
Nazsoa. As the last 5 ml of benzene cleared the Nast4 1ayer,‘the‘collected
eluate was removed and discarded. A solution (40 ml) of 5% ethyl ether in benzene
was then added to the célumn, and the eluted methylated MCPA colleﬁted into a
round-bottom flask.

The coliected MCPA fraction was evaporated to 2 ml and again submitted to the
Florisil cleanup. The fraction containing the MCPA ester was evaporated to near
dryness, transferred to a graduated hematocrit tube, and adjusted to volume with
benzene prior to glc analysis with a microcoulometric detector (chloride titra-
tion cell). Tﬁe analytial equipment and conditions were as follows:

| Equipment: Dohrmann Model C-200 Microcoulometer; Model G 100 Gas Chromato-
graph; Model P 100 Furnace Control; Model T-300 Titration Cell.

éyrolysis oven temperature: B800°C; Block temperature: 200°C.

Column Temperature: 165°C.

Carrier Gas:. NZ‘ 35 ml/min.

Oxidation Gas: 02, 55 ml/min.

Ohm range setting: 800

Column: 10% DC 200 on Gas Chrom Q, 80-100 mesh, packed in 6' x 1/4" glass

column.
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Residues were measured by peak height in relation to those of known standards
of MCPA methyl ester. MCPA identity was verified in several methylated extracts
by gas chromatography-mass spectrometry with a Finnigan Model 3200E instrument
and comparison of the resulting mass gpectra with those of an authentic standard
of MCPA methyl ester.

Results and Discussion

Several analytical methods were examined with an MCPA standard but proved
unsatisfactory. Gas chromatography.with an electron-capture de;ecﬁor was not
sufflciently sensitive and highly subject to interference and attemﬁts to adapt
an existing procedure in which MCPA 1is converted to its highly eléctron—capturing
pentafluorobenzyl ester showed it to be overly sensitive to such variables as
time, temperature, and pH during derivatization.

The method of cholce was gas chromatography with a microcoulometric (Cl-
specific) detgctor. Analyticél recoveries normally were 90-1007% at tﬂe 0.1 ppm
level, ana sensitivity qormally was 0.01-0,02 ppm. While fortified pistachio
leaves resulted in good recovery (90-1007), samples of almond leaves collected
in Davis gave a large broad peak near the re;ent;on time of MCPA, indicating the
presence of a chlorine-~containing interference which masked or gave a false-
.poslttve valﬁe for MCPA, Another sample from ungprayed trees in Davis also con-
tained so many chlorinated interferences that the microcoulometric analytical
system became polsoned and required disassembly and cleaning. These difficulties
eventually were circumvented by repeated cleanup on Florisil columns, but leaves
taken from trees where this study was conducted were free from those interferences.

The results of leaf analysis are shown in Table 14. It is at once striking
that all pre-spray sanples contained Aetectable MCPA; its identity was verified
by mass spectrometry. In fact, these residue levels were generally similar to

those in post-spray samples. As might be expected for residues resulting from
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spray drift, MCPA levels on the perimeter row of trees closest to the applica-
tion site were consistently higher than those on leaves of interior trees,
although the interior trees provided remarkably uniform residue values.

During October, 1979, several samples were taken from the Price almond
field where MCPA residues had previously been found in samples taken during June,
1979. This study was conducted for purposes of determining possible resistance
of MCPA to degradation when adsorbed onto particulate matter on leaf surfaces
(leaf strip vs penetrated residues) as compared to pénetrated MCPA residues on
leaf tissues. We also sampled the soil surface within the orchard (red label)
and the dust on the south side of the trees next to the road (blue label).

Cére samples, approximately 1 cm in depth and 3600 cm’ total area per sample,
were also taken at these locations, Since most chemicals are readily adsorbed
into almond hulls and protected from degradation, it was thought desirable to
sample some of the few almond hulls that remained on the trees following harvest,
and hull samples were taken from the trees within the field (red label) and
-next to the road (blue label).

- No detectable MCPA residues weré'found in any of .the samples (Table 15),
clearly showing that MCPA residues do not carry over from one season to the next.
The residues found on the preapplication samples taken on 6/7/79 had to come
from an appliéation either nearby or from fields far removed. The source of
the contamination cannot be determined from this study.

Five samples of almond leaves were also analyzed for chlorocresol. The
MCPA chromatographic conditions were used with the one exception, in that the
GLC column temperature was 148°C, No residues were found above the detection
limit of 0.0l ppm. Samples aﬁalyzed were selected from those containing rela-

tively high residues of MCPA.and had the following E.T. numbers: 5878C, 5886C,



5886D, 5887C and 5888B. We were not able to analyze the cleaned up extracts
for the 4-chloro-2-methyl-N,N-dimethylphenoxyacetamide, as it was lost in the

Florisil cleanup for the analysis of MCPA.
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Table 14.

MCPA residues on orchard leaves from various

ranches located in Butte County, CA 1979.
Days ,
‘ I.D. Date From E.T. Gross
Location Crop Mark Sample Treatment Number Ppm
Blue
Price almonds leaves Rep I 6-7-79 Pre app 58738 0.05
' Blue
" " Rep II " " 5873C 0.04
Blue
" " Rep ITI " " 5873D <0.03
Blue .
" " . Rep IV " " 5873E 0.04
Red
" " "Rep 1 " " 5873F <0.03
Red '
" " Rep II " " 5873G 0.04
) Blue o
Price almoands leaves Rep I 6~17-79 0 58748 0.12
Blue
” " Rep IL " " 5874C —
Blus
" " Rep IIT " " 5874D 0.07 -
Blue
v " Rep IV " " 5874E 0.31
Red
" ”» Rep I " " 5874F —
Red
n " Rep IX " " 5874G 0.07
Blue
Price almonds leaves Rep I 6-18-79 1 58758 0.10
Blue
” " Rep 1I " " 5875C 0.08
Blue
" o Rep III " " 5875D 0.08
Blue ‘
" " Rep IV " " 5875E 0.07
Red
" " Rep I " 1 1] 5875F 0.07
Red
" " Rep 1I " " 58756 0.03
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P L

Days :
I.D. Date From E.T. , Gross
Location Crop Mark Sample Treatment Number ppm
Blue :
Price almonds ° leaves Rep I 6-23-79 6 58778 0.10
Blue °
" " " Rep II " " 5877C, 0.15
Blue ,
" " Rep III " " 5877D, 0.18
. Blue k
" » Rep 1V " " 5877E; *k 0,42
_ Red . . .
" . " Rep I " " 5877F;_ R
Red I
" " Rep II " " 5877G! 0.07
Blue ;
Price almonds leaves Rep I  6-29-79 12 58788 0.23
Blue . .
" " Rep II " o 5878¢] 0.26
Blue .
" v Rep III " " 5878D *%0, 20
Blue . . :
" v Rep IV " " 58788 0.08
Red , {
" " Rep I " " 58788  0.06
: ‘Red t
" w Rep II " " 58784G 0.05 -
: leaf " Blue ;
Price almonds strip Rep I 10-3-79 108 589281  <0.01
" Penetrate " " " 5892BI1  -<0.01
leaf Blue : ;
LU strip Rep 1I " " 5892¢1 <0.01
" Penetrate " " " 5892C11 <0.01
leaf Blue : ! '
" strip Rep IIX " L 589201 <0.01
" Penetrate " " " 5892011 <0.01
leaf Blue '
" strip Rep IV " " 5892£1 <0.01
" Penetrate " " " 5892L11 <0.01
leaf .- Red . E
" strip Rep I " " 5892F1 <0.01
" Penetrate " " " 5892FIL. <0.01
leaf Red : ,
" strip Rep 1Y " " 5892GI <0.01

» Penetrate " " " 5892G1I <0.01

** Residues confirmed by GC/MS .

P

i
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-

Days
. I.D. Date From E.T. Gross
Location - Crop Mark Sample Treatment Number ppm
Red
McClintock almonds leaves 6-7-79 Pre app 58858 <0.01
‘ Blue ’ :
McClintock almonds leaves  Rep I 6-22-79 0 58868  0.26
_ Blue . ,
b . Reép 1I " " 5886C **0,45
Blue v
" " Rep III " " 5886D 0.46
. /White
v " Rep I " " 5886E 0.08
. White
" " Rep II " " 5886F 0.06
Blue ,
. b Rep I 6-23-79 1 - 5887B 0.27
Blue ‘ ‘
v " Rep IL " " 5887¢C **0.41
Blue ‘
" » Rep XII " . " 5887D 0.29
: White o ' '
bd n Rep I " " S887E 0.03
White
LA " Rep II " " 5887F 0.07
Blue .
McClintock almonds leaves Rep I  6-29-79 7 58888 0.38
Blue
" " Rep II " " 5888C *%0,35
' Blue '
" " Rep I1IX " " 5888D 0.28
' White
" " Rep I " " 5888E 0.04
White
» " Rep II " " 5888F 0.08
'leaf Blue
McClintock almonds strip Rep I 10-3-79 103 589381 <0.01
Penetrate " " " 5983BI1I _ <0.01
leaf Blue - ‘ ‘
" strip . Rep IX ". " 5893CI <0.01
" Penetrate " " " 5893CII <0.01
leaf Blue A o
r strip Rep III ; ™ . " 5893D1 - <0.01
" Penetrate " " " ' 5893DI1 <0.01
. leaf White
" strip Rep I " "’ - S893EIL <0.01
" Penetrate " " " 5893EIX <0.01
: leaf White
" strip Rep. II " " 5893F1 <0.01
" Penatrate " "o " 5893FII <9.01
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Days

. I.D. Date From E.T. Gross
Location Crop Mark Sample Treatment Nunber PpPm
Blue
Peterson:Pistachioes  leaves West 6-7-79 Pre app 58798 <0.01
White : , . :
" " South " " 5879¢ ' <0.01
Red ‘
" " Inside " " 5879D <0.01
4 Blue
Peterson Pistachioes = leaves West 6-17-79 0 5880B | .0.02
White . _
" " South " " 5880C 0.03
Red
" " Inside " " 5880D <0.01
' : Blue
Peterson Pistachioes leaves West 6-18-79 1 58818 0.02
: ' White
South
: 1st
» " Tree Only " " 5881C 0.01
Red ,
" " Inside " " 5881D —
: Blue '
Peterson Pistachioes leaves West 6-22-79 5 58828 <0.01
White :
" " South " " 5882Cc <0.01
Red :
" " Inside " " 5882p <0.01
Blue {
Peterson Pistachioes leaves West 6-23-79 6 58838 <0.01
White ' :
" " South " " 5883C <0.01
Red ‘ .'
» " Inside " " 5883D <0.01
Blue '
Peterson Pistachioes leaves West  6~29-79 12 5884B 0.02
Vhite i
" " South " " 5884C 0.02
Red ! »
" " Inside " » 5884D | 0.02
3
Red : !
licClintock Walnuts leaves Rep I  6-22-79 0 58898 ; 0.32
Red
" 11] RBP 11 " " 5889C é 0. 35
Red <i
" » Rep I 6-23-79" Y 589508 } 0.33°
Red i
" ” 11] ” 5890C ? 0. 23

Rep 11

AN ot R
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Location

lst row

MCPA Days
ID Date from ET ¥ Gross
Crop Mark Sampled Treatment  Number PPM
''''''' . Red
McClintock Walnuts leaves Rep I 6-29-79 7 5891B 0.21
i Red .

McClintock ‘Walnuts " Rep T~ " " 5891cC 0.27
McClintock almonds leaves B-6 6/19/79 -3 58948 0.06
10th tree from S.E. corner
front row
McClintock almonds 5th tree leaves B-10 6/19/79 -3 5894C 0.07
from S.E. corner
McClintock almonds 5th tree leaves B-5 6/20/79 -2 5894D 0.03
west + 5 trees north of
S.E. corner
McClinﬁock almonds 4th tree leaves B-9 6[20/79 =2 S894F 0.06
in from south .
McClintock almonds 5 trees leaves W-15 7/01/79 +9 5894F 0.03
in diaganol
McClintock almonds leaves W-14 7/01/79 +9 5894G 0.03
5 trees in diaganol
McClintock almonds lst row leaves Ww-13 7/01/79 +9 5894H 0.07
McClintock almonds lst row leaves W-3 7/01/79 +9 58941 0.16
Martinez almonds trees leaves B-4 6/19/79 -3 58958 0.21
front row '
Martinez almonds east leaves B-7 6/19/79 -3 5895¢C 0.14
trees near corner of
rice field
Martinez almonds 5 trees in leaves B-11 6/20/79 =2 5895D 0.08
Martinez almonds day + 1 leaves W-17 6/23/79 +1 5895E 0.09
Mirtinez almonds 5 trees leaves W-18 6/23/79 +1 5895F 0.04

in from end day + 1
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MCPA Days

‘D Date from ET Gross
Location : Crop Mark Sampled Treatment  Number PPM
Martinez almonds lst row leaves W-21 6/23/79 +1 5895G 0.24
day + 1
Martinez almonds 5 trees leaves W-23. 6/23/79 +1 5895H 0.05
in from row day + 1
Martinez almonds lst row leaves W-9 7/01/79 49, +1 58951 0.10
Martinze almonds 5 trees in leaves W-10 7/01/79 49, +1 5895J 0.07
Martinez almonds lst row leaves W-12 7/01/79 +9, +1. 5895K 0.15
Martinez almonds 5 trees in leaves W-11 7/01/79 +9, +1 58951 0.07
Martinez almonds 5 rows in leaves W-26 7/17/79  +26, +18 5895M 0.07
Martinez almonds front row leaves W-24 7/17/79 +26, +18 5895N 0.08
Martinez almonds front row leaves W-24 7/17/79  +26, +18 58950 0.09
Montgomery.almonds leaves B-8 6/19/79 -3 58968 0.19
Montgomery almonds east " leaves  B-2 6/19/79 -3 5896C 0.09
tree .
Montgomery almonds 5 trees leaves B-6 . 6/20/79 -2 5896D 0.06
in from edge
Montgomery almonds 5 trees leaves B-1 6/20/79 -2 5896E 0.04
in
Montgomery almonds 5 .trees leaves W-19 6/23/79 +1 5896F 0.04
in day + 1
Montgomery almonds lst row leaves W-20 6/23/79 +1 5896G 0.08
day + 1
Maatgomery almonds lst row  leaves  W-27 6/23/79 +1 5896H 0.08
tree day + 1
Montgomery almonds 5-trees leaves W-1 7/01/79 +9 58961 0.08

in from south
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MCPA Days

ID Date from ET Gross
Location Crop Mark Sampled Treatment  Number PPM
Montgomery almonds lst row leaves W-6 7/01/79 +9 58963 0.12
Montgomery almonds lst row leaves W-7 7/01/79 +9 5896K 0.16
Montgomery almonds 5-trees leaves W-8 7/01/79 +9 5896L 0.06
in from south
Petersons Pistachios leaves W-2 7/01/79 +9 58978 0.02
outer S.W. corner
Petersons Pistachios leaves W-4 7/01/79 +9 5897¢C 0.02
outer S.W. Corner
Petersons Pistachios leaves W-16 7/01/79 +9 5897D 0.02
outer S.W. corner
Petersons Pistachios leaves W-5 7/01/79 +9 5897E 0.02

4 trees in from So.



Table 15. MCPA residues on dust and almond hulls,

/12

MCPA
ID ET Gross
Crop Mark "Treatment  Number PPM
orchard Dust + Blue 58998 <0.01
filters rep 1
& II
orchard Dust + Blue 5899C <0.01
filters rep IIX
& IV
orchard Dust red 5899D <0.01
+ filters rep I
& IT
orchard Dust + Road 5899k <0.01
filter Dust
orchard Soil Blue 5899F <0.01
core rep I
: & IT
Soil Blue 5899¢G <0.01
core rep III
& IV
orchard Soil Red 5899H <0.01
Rep I
& I
orchard Almond Red 5B98C <0.01
hulls ingide
orchard Almond Blue 10/03 /79 58988 <0.01
’ hulls outside :
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VI. GENERAL CONCLUSIONS

MCPA (4-chloro-2-methylphenoxyacetic acid), usually applied as the dime-
thylamine salt, has become the principal herbicide for control of broadleaf
weeds in Central Valley rice; The 1979 application to a monitored area in
central Butte County, California, involved only a single aerial spraying to each
of several flooded rice fields at a rate of approximately one péund per acre
as an aqueous solution under conditions specified and monitored by thé County
Agficultural Commissioner.

The'purity of spray concentrate--as determined by gas chromatography,
high~pressure liquid chromatography, and mass spectrometry--was very high. The
principal impurity was 2-methylphenoxyacetic acid (1%), with smaller amounts of
other chlorinated phenoxyacetic acids; the only neutral‘impurity occuring above
about 1 ppm was MCPA dimethylamide, and no dioxins or dibenzofurans were detect-
able at this level.

Howeyer,_&espite climatic safeguards, application efficiency and uniformity
appeared to be much lower than expected, and a significant proportion of the
spray may have. been dispersed into the atmosphere, The use of high-volume air
saﬁplers, equipped with macroreticular resin adsorbent, was generally satisfactory
for the collection of air‘samples (efficiency >80%), and microcoulometric gas
chromatography (Cl-specific) of methylated residues permitted quantitative analysis
down to 3 ng/m3 for one-~hour collection periods and less than 1 ng/m3 for long-
term collections., The microcoulometric method also was best for the analysis
of foliage samples; other analytical procedures resulted in low recoveries,
vgr& high blank values, and/or the introduction of chemical interferences which
would lead to false-positive readings. The identity of both airborne and foliage

residues was positively confirmed by mass spectrometry.
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MCPA/DMA spray formulations proved to be very rapidly degraded by sunlight.
The principal breakdown product, chlorocresol (4—chloro—2—methylphengl), was
accompanied by other volatile phenois_and MCPA dimethylamide. In thin films or
droplets, the MCPA was.over 50% degraded within the first day, and degradation
was iargely complete within a week to prbduce a mixture‘primarily containing
unidentified acids. The chlorocresol volatilized into the surréunding atmosphere
as 1t formed.

Analysis revealed the presence of both MCPA and chlorocresol in the atmos-
phere immediately following spray applications. Although the levels weré'lower
at the upwind edge of the sprayedbrice fields than at the doﬁnwind edge, the
upwind incursion was very definite. As might be expected, atmospheric residues
declined with downwind distance from the éource and with time, although the
increasing ratio of chlorocresol to MCPA reflected both photochemical degradation
in the spray and eventual degradation and volatilization from water and leaf
surféces. Althodgh';he fesidue levels from any specific application eventuglly
will reach low valpes, measurable residues may be found for several kilometers:
downwind. |

However, Sacramento Valley applications of MCPA are concentrated into a
relatively restricted area representing‘thosé'porfions of eight counties.which
border on river systems. The period of application is short-—normaliy’about'
three weeks in late June and eaily July, and during that period in 1979, roughly
457,000 pounds of actual MCPA/DMA were apﬁlied to the area., It is not sutpris-
ing that within several days of the start of the spray period, there developed

a significant ambient background level of atmospheric MCPA which influenced

all subsequent monitoring results.
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This residue background becomes of particular significance in orchards
adjacent to the rice fields. Air sampling within the orchards during and after
the spraying revealed low but rather consistent MCPA and chlorocresol levels
although the treés were upwind and protected by a buffer zone. MCPA residues
indeed were ‘detectable on foliage, although the highest value was 0.24 ppm and
more typical positive values were 0.05-0.10 ppm; however, the analytical data
not only indicate the probable reinforcement of the initial residues by later
spray applications to more distant fields but also the presence of comparable
residues of MCPA even before general spraying in the monitoring area. Perhaps
"due to volatilization, chlorocresol residues were not detected on foliage, and
any MCPA amide was sacrificed in the analytical process.

Foliage and fruit samples collected 3 months after the nearby spraying con-
tained no detectable residues when analy